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MATERIALS HANDLING & 
ENGINEERING SPECIALISTS

A legacy of innovation.



• Long Overland, High Lift, and High 
Capacity Conveyors - including 
horizontally curving systems, TBM 
trailing conveyors

• High Angle Conveyors – world’s 
foremost authority

• High Tech Transfers – association with 
M&J/WEBA

• Plant Conveyors

• Heavy Belt Feeders

• Booster Drives – able to convey great 
lengths with modest belt strength

MATERIALS HANDLING AND 
ENGINEERING SPECIALISTS

WEBA Cascade
Transferring Coal at more than 
9000 t/h



CONCEPT OF BOOSTER CONVEYOR

Belt tension diagram for Intermediate drives



BOOSTER CONVEYOR 

Maximum belt tension vs. number of drives



LINEAR / BOOSTER CONVEYOR
THIS BOOSTER CONVEYOR IS 
A PART OF COMPLETE 
SYSTEM IN A POTASH MINE. 
THE LENGTH OF THE 
CONVEYOR IS 1740 M & LIFT 
284 M. INITIAL OUTPUT WAS 
500 TPH RISING TO 1000 TPH. 
THE 1050 KW, 800 MM WIDE 
CONVEYOR USES AN 
INTERMEDIATE GRADE 
FABRIC BELT & 150 kW 
TRANSMISSION UNITS 
IDENTICAL TO THOSE ON ALL 
THE CONVEYORS IN THE 
SYSTEM.



Belt Width: 36 ins Conveyor Length: 9250 ft Lift: 77.5 ft
Belt Wt: 13.7 lbs/ft Idler Spacing: 5 ft - Trouh 10 ft - Return

CONVEYING RATE: 1800 STPH BELT SPEED: 750 FPM

-17.599982
87.731559
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Real Time Analysis
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OUR RANGE 
OF SERVICES

• Technical and economic studies 
and evaluations

• New Systems
• Upgrade of existing systems
• Plant modifications and field 

advisory assistance



2.8 kilometer overland conveyor for an Eastern USA Cement Company
May be the world’s most advanced single flight conveyor system by virtue of the number of simultaneous advanced 
features, including:

• Two way conveying, carrying crushed limestone, on the upper belt strand, and clinker on the return belt strand
• Horizontally and vertically curving path featuring 9 horizontal curves, each with compound vertical curves
• Belt turnovers, to utilize the thicker belt cover at the carrying side in either travel direction
• Complete speed control with AC motors by variable frequency drives
• Tripper type “Smart” booster (intermediate) drive at the upper belt strand
• Tripper type “Natural” booster drive at the return strand
• Multiple discharge points along the return strand

2.8 KILOMETER, TWO-WAY OVERLAND CONVEYOR



2.8 KILOMETER, TWO-WAY OVERLAND CONVEYOR

Conveyor Profile
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DSI ExConTec Analysis 
quickly reveals the tension 
and power distribution 
due to various material 
flow conditions



• History
• The Technology
• Installations

SANDWICH 
BELT HIGH 
ANGLE 
CONVEYORS



ORE CONVEYING PLAN

Material Copper, Gold Ore

Bulk Density 1.75 t/cu-m

Size 250mm minus

Design Rate: 1870 t/h

Design Parameters



Majdanpek IPCC System, Serbia

Sandwich Conveyor
for

Copper Mine, Eastern Europe

Material - Copper Ore
- Density - 2.08 t/cu-m (130 PCF)
- Size - To 250 mm (10”) minus

Conveying Rate - 4000 t/h (4409 STPH)
Conveying Angle - 35.5 degrees
Belt Width - 2000 mm (78.7”)
Belt Speed - 2.85 m/s (561 FPM)
Lift - 93,500 mm (307’)
Drives

- Top Belt - 450 kW (600 HP)
- Bottom Belt - 2x450=900 kW (1200 HP)



COMPLETE SYSTEM

Sacrificial Conveyor
High Angle Stacker

Main High Angle Conveyor



GENERAL ARRANGEMENT 
OF DSI SNAKE HIGH ANGLE 
CONVEYOR
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SANDWITCH BELT CONVEYOR
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MODULAR SECTION OF SNAKE SANDWICH CONVEYOR



TAKE-UP AND SAFETY DEVICES IN HIGH ANGLE 
CONVEYORS
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LIST OF DETECTORS AND SWITCHES PROVIDED IN DSI HIGH 
ANGLE CONVEYOR SYSTEM
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VISIT OUR WEBSITE FOR THE INSTALLATIONS OF VARIOUS 
TYPES AND CAPACITY

PROJECTS FOR READY REFERNCE

https://dossantosintl.com/installations-i/

https://dossantosintl.com/installations-i/
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What is DSI Sandwich Belt High Angle Conveyor?

https://youtu.be/COjQeEGfwZY

DSI Sandwich Belt High Angle Conveyor for Paris Metro Tunnelling Project

https://youtu.be/lBMzYHoPz7w

DSI Snake Ship Loader

https://youtu.be/AOtzUInP6cg

VIDEO LINKS OF DSI SANDWICH CONVEYOR

https://youtu.be/COjQeEGfwZY
https://youtu.be/lBMzYHoPz7w
https://youtu.be/AOtzUInP6cg
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DSI SNAKE SHIP LOADER



• OPENCAST MINE

• UNDERGROUND MINE

• DOWNHILL CONVEYOR 

• IN CHP FOR LOADING OF SILO  
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THERE CAN BE FOUR TYPES OF APPLICATIONS OF DSI HIGH ANGLE 
CONVEYOR AS FOLLOWS



HIGH ANGLE CONVEYOR IN 
OPENCAST MINE
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DSI HIGH ANGLE CONVEYOR IN SIDE WALL
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HIGH ANGLE CONVEYOR ALONG HIGH WALL/SIDE WALL IN OPENCAST
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SHIFTABLE HIGH ANGLE 
CONVEYOR – UHAC 3 BENCH, 1 

BENCH OPERATION
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UHAC -Vital Link for IPCC System Western Australia
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PROPOSALS BY CMPDI
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HIGH ANGLE CONVEYOR IN 13 YEAR STAGE PLAN AT KOTRE BASANTPUR
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HIGH ANGLE CONVEYOR IN THE FINAL YEAR PLAN – KOTRE BASANTPUR
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HIGH ANGLE CONVEYOR AT SIARMAL PROJECT (50 MTPA CAPACITY)

HIGH ANGLE CONVEYORS 
FROM MINE NENCHES 
THROUGH SIDEWALL

HIGH ANGLE 
CONVEYOR
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Application of High Angle Conveyor in Deep 
Opencast Coal Mine (A Case Study) for 15 mtpa

non-CIL mine by CMPDI
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Application of High Angle Conveyor in Deep Opencast Coal Mine (A Case 
Study) for 15 mtpa non-CIL mine by CMPDI
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Proposal from Adani Natural Resources for High Angle Conveyor for Gare 
Palma II, planned by CMPDI
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Layout proposed by Dos Santos, USA
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CASE STUDIES BY 
DOS SANTOS INTERNATIONAL

IN INDIA 



CASE STUDY FOR OPENCAST 
APPLICATION AT SARISHATHALI MINE 

AS REQUESTED BY CESC
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PRESENT HIGHWALL  IN ‘OB’
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HOW DSI SNAKE CONVEYOR SHALL LOOK 
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LAYOUT OF IN-PIT CRUSHING & DSI SNAKE IN ‘OB’  HIGHWALL ON CTUAL MINE PLAN



TRUCK UNLOADING & CRUSHING OF COAL AT PIT BOTTOM & LOADING ONTO BENCH CONVEYOR FOR FEEDING ONTO  
DSI CONVEYOR



TRUCK UNLOADING & CRUSHING OF COAL AT PIT BOTTOM



LAYOUT OF DSI SNAKE HIGH ANGLE CONVEYOR ON ‘OB’ HIGHWALL 
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CALCULATION OF OWNING & OPERATING COST FOR DSI CONVEYOR & IN-PIT CRUSHING 
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OPERATING COST FOR IN-PIT CRUSHING & DSI CONVEYOR (ALT – I)
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COMPARISON OF COST FOR BOTH DSI SNAKE (ALT – I) & TRUCK TRANSPORT (ALT II)
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GRAPHICAL COMPARISON OF OP. COST BETWEEN DSI SNAKE (ALT – I) & TRUCK TRANSPORT (ALT II)
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IRR CALCULTION FOR DSI SNAKE CONVEYOR SYSTEM
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CASE STUDY FOR KATHARA 
PROJECT AS REQUESTED BY 
DIRECTOR (TECHNICAL), CCL
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SURVEYED PLAN OF EASTERN SECTOR OF KATHARA MINE
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AERIL VIEW OF HAC FROM BOTH  EASTERN SECTOR & CENTRAL SECTOR PITS & OVERLAND 
CONVEYOR TO WASHERY
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CONTOUR DRAWN BASED ON GOOGLE EARTH
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Google earth and mine transport system for Kathara

https://youtu.be/rYtnlB8Ggj8

https://youtu.be/rYtnlB8Ggj8


CASE STUDY FOR KUSMUNDA OPENCAST 
PROJECT AS REQUESTED BY PROJECT
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PRESENT DUMPER TRANSPORT AT KUSMUNDA OPENCAS



CMPDI PROPOSAL - WEST SIDE AND EAST SIDE FLANK OLC TO CHP

WEST FLANK SURFACE 
CONVEYOR TO CHP
THERE WILL BE ALSO EAST 
FLANK CONVEYOR TO CHP
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HIGH ANGLE CONVEYOR
FROM BENCH TO SURFACE

PROPOSAL FOR TRANSPORTING COAL BY DSI SNAKE HAC FROM TOP & 
MIDDLE COAL SEAMS FROM BENCHES TO FLANK CONVEYORS

FINAL STAGE OF QUARRY PLANS.K.Bag 80



INTEGRATED SCHEME OF COAL TRANSPORT FROM KUSMUNDA BOTTOM SEAM 



DUMPER UNLOADING ARRANGEMENT THROUGH RECEIVING PIT AT PIT BOTTOM



BELT FEEDER BELOW RECEIVING PIT



BENCH CONVEYOR LOADING THREE DSI SNAKE HIGH ANGLE CONVEYORS



PROPOSED DSI HIGH ANGLE CONVEYOR FROM PIT BOTTOM TO SURFACE
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High Angle Conveyor Offers Mine Haulage Savings 
 

Authors: 
 

J.J. Mitchell 
Manager - Systems 

Continental Conveyor & Equipment Co. Inc., 
Winfield, Alabama, U.S.A. 

D.W. Albertson 
General Manager/Director 

Spencer (Melksham) S.A. (Pty) Ltd. 
Johannesburg, 

South Africa 
 

 
Synopsis:  
Costs of truck haulage from mine pits are high and spiralling with inflation, increasing haul 
distances and depths. A high angle conveying system is an economic and energy saving 
alternative, with the capability of achieving very high, steep angle lifts and capacities up to 10 000 
t.p.h. Standard locally available components and conventional belts are used.  
This paper describes a typical open pit mine's requirements, concentrating on haulage 
alternatives. Definitive costs for high angle conveyorised systems are compared with truck 
haulage. These costs have been developed from existing current operations.  
Mine operators should find this useful in looking for means of improving productivity and reducing 
costs per ton.  
INTRODUCTION  
Trucks, traditionally, have long been a favourite tool in surface mines for hauling material from the 
pits. The increasing strain of an inflationary economy has caused mine operators to look at 
alternatives to the longstanding workhorses (trucks) in material haulage.  
The intent of any major modification of the time-honoured material handling by trucks is to 
achieve the goal of a marked reduction in haulage costs; sufficient not only to recoup the capital 
investment, but to make the final product more competitive in today's world market. In-pit 
crushing and belt conveyor systems are one prominent alternative that has gained popularity.  
More than fifty major conveyorized surface mines are in successful operation around the world. 
Major savings in capital and operating costs are realised when conveyorized systems are 
properly applied with other proven mining technologies.  
By combining the flexibility of trucks with the low cost of conveyors, an alternative is offered by 
the application of movable crushing plants followed by belt conveyor systems in conjunction with 
steep angle conveyors for the main haul out of the pit.  
Truck haulage can be restricted to travel between the working face and the pit crusher. This 
means that trucking is limited to level haulage on individual shovel benches and to very little 
inclined haulage. It is on the inclines where a truck's efficiency is so low.  
A high angle conveyor can be defined as any conveyor that transports material along a slope 
exceeding the dynamic stability angle of the transported material.  
The application of conveyors in this mine study recognises the cost savings in material haulage 
that a high angle conveyor has in a total system.  
High Angle Conveyor Principles  
There are two basic designs which have been developed to a stage of commercial practicability - 
the sandwich belt system and the pocket belt system.  
In this study we are considering the high angle conveyor or HAC as developed by the Continental 
Conveyor & Equipment Co. in the U.S.A. This is a sandwich belt design which employs two 
ordinary rubber belts on top of each other sandwiching the material between them.  
The geometry and design features of the HAC provide sufficient friction at material/belt and 
material/material interfaces to prevent the material sliding back. Careful selection of radii, belt 
tensions and pressing forces are required. The bottom belt is carried on troughing idlers and the 
top, or cover belt, is softly pressed onto the conveyed material by fully equalised pressing rolls. 
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A CASE STUDY ON COMPARISON BETWEEN ALL 
TRUCK SYSTEM & CONVEYOR WITH HIGH ANGLE 

CONVEYOR SYSTEM

S.K.Bag 86



 
PIT SHOWING TRUCK HAULAGE SYSTEM 

 
SAME PIT SHOWING IN-PIT CRUSHER - CONVEYOR 

HAULAGE SYSTEM 
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FIG - 1
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PIT SHOWING TRUCK HAULAGE SYSTEM 

 
SAME PIT SHOWING IN-PIT CRUSHER - CONVEYOR 

HAULAGE SYSTEM 
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FIG - 2

HIGH ANGLE CONVEYORS
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COMPARISON OF CAPITAL COST BETWEEN CONVEYOR, HIGH ANGLE CONVEYOR AND 
DUMPER



S.K.Bag 90

COMPARISON OF CAPITAL COST BETWEEN CONVEYOR AND HIGH ANGLE CONVEYOR OVER 
15 YEARS



S.K.Bag 91

COMPARISON OF MAINTENANCE COST BETWEEN CONVEYOR AND HIGH ANGLE 
CONVEYOR OVER 15 YEARS



COMPARISON BETWEEN CONVENTIONAL CONVEYOR, HIGH ANGLE CONVEYOR AND 
DUMPER 

g: 
792  
yr 

440  
yr 

792  
yr 

  
  
  

90758 

  
  
  

101648 

  
  
  

122995 

  
  
  

137754 

  
  
  

154285 

  
  
  

121488

  
  
  

136066

  
  
  

152394

  
  
  

170681

  
  
  

191163 

  
  
  

154358 

  
  
  

172881

  
  
  

193627

  
  
  

153695 2

l  
ear 

_______ 
176134 

_______ 
180614 

_______ 
221161 

_______ 
248032 

_______ 
290046 

_______
274049

_______
307473

_______
345050

_______
387288

_______ 
434758 

_______ 
428376 

_______
481207

_______
540665

_______
607599

__
6

TABLE B.4 
C. OPERATING COSTS PER TONNE 

  Conventional 
Conveyors

High Angle 
Conveyor  

1. Actual operating hours: 
6 days at 24 hours per 
day, 309 days a year =  

  

  
  

7 416 hrs 
per year 

  
  

7 416 hrs 
per year 

2. Conveyors 1st year 
maintenance costs = 

   
Per hour = 

  
R878 145 

  
R118,41 

  
R402 574 

  
R54,28 

3. Full load power consum- 
ption @ R0,037 per kW/hr 

4 797 kW 
R177,49 

4 292 kW 
R158,80 

4. Total operating and 
running costs for 1 hour = 

 Cost per tonne @ 5000 tph = 

  
R295,90 

  
R0,06 

  
R213,08 

  
R0,04 

D. OFF HIGHWAY HAULAGE VEHICLES 
For order of magnitude comparison purposes, a brief look at haulage truck alternative is given.  
Assume plus/minus 160 tonne capacity Diesel Electric Drive Trucks are used and that these are 
fitted with trolley assists to utilise external electric power for haulage on the incline section of the 
loaded trip.  
The electrical rating of each truck is plus/minus 1193 kW and when using electrical assist the 
diesel consumption of the idling diesel engine at 21 km/hour on a 8% grade is 8 litres.  

 19

Dumper cost 
– R 0.41S.K.Bag



UNDERGROUND APPLICATION
HIGH ANGLE CONVEYOR IN SHAFT FOR 
JAGANNATHPUR UNDERGROUND COAL 

MINE OF SHYAM STEEL (APPLICATION OF 
VERTICAL HIGH ANGLE CONVEYOR)
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PROPOSAL FOR DSI HIGH ANGLE CONVEYOR FROM R-III SEAM (6.0 M THICK) 355.87 M BELOW 
GROUND LEVEL
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MAN AND MATERIAL IN 
THE SAME SHAFT



	

SHAFT DIA SHALL BE 5.0 M (8.0 M FOR SKIP)

HIGH ANGLE CONVEYORRACK & PINION HOIST
(FOR MAN & MATERIAL) SHAFT  DIA – 5.0 M
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INDUSTRIAL ELEVATOR (RACK & PINION TYPE) SERVICE CAGE

S.K.BAG

Industrial elevators feature a rack and
pinion drive for safe, reliable
operation. Elevators are designed for
safety. The pinion, which is driven by
an electric motor mounted on top of
the car, mates with the tower rack
allowing the car to travel up or down
on command. An electric multiple
disc brake on the motor is used to
stop travel. A loss of power
automatically sets the brake.
In the event of a power failure, the
car can be safely lowered to the
nearest landing.

http://www.mcdelevators.com/industrial-elevators.html


RACK & PINION HOIST FOR MAN & MATERIAL
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MAN & MATERIAL CAGE IN THE SHAFT WITH HIGH ANGLE CONVEYOR



VERTICAL 
TRANSPORT 

THROUGH SHAFT BY 
HIGH ANGLE 

CONVEYOR (90 
DEGREE)

U/G CONV. SHALL 
DIRECTLY 
DISCHARGE ONTO 
HIGH ANGLE 
CONVEYOR

HIGH ANGLE 
CONVEYOR 
DIRECTLY 
DISCHARGE 
ON TO 
SURFACE 
CONVEYOR

S.K.Bag 99



VERTICAL  
STRUCTURE OF 

HIGH ANGLE 
CONVEYOR FROM 
UNDERGROUND
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DISCHARGE END OF HIGH ANGLE CONVEYOR AT SURFACE – CONVEYOR SHALL DIRECTLY 
DISCHARGE ON SURFACE CONVEYOR (SKIP HOPPERS, HEADGEAR STRUCTURE, WINDING ENGINE 

HOUSE AT SURFACE SHALL BE ELEMINATED)
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For design of HAC system in shaft, first number of flights shall be determined 
(depending upon shaft depth and belt strength). Based on design parameters, 
the scheme of the intermediate structure are determined. The intermediate 
vertical structure from the bottom are designed as a column. The intermediate 
vertical structure from the top shall be hung from the top including hanging 
support at one end of the upper station, while the other (tail) end sat on its 
own support at the shaft bottom making only a positioning connection at the 
lower transition station.
The intermediate vertical structure are supported as vertical independent 
tables so that they don't actually touch each other or the bottom transition 
station or the upper discharge station.
The independent vertical supports may be anchored to the shaft wall. The 
length of each vertical support will likely be to be determined by the longest 
steel mill run length of the support channels and the idler/press section 
spacing.
The support scheme of the rack and pinion type elevator is well established 
by the elevator manufacturer and must be provided by them after they have 
developed the elevator for the specific requirements.
It must be determined if the elevator shall be used as the only means to 
access the DSI GPS or if the system will have intermediate platforms where 
the elevator can stop.

DESIGN BASIS OF HIGH ANGLE CONVEYOR SYSTEM IN SHAFT 

S.K.Bag 102



COMPARISON BETWEEN SKIP WINDER & HAC

SKIP WINDER** DSI SNAKE HIGH ANGLE CONVEYOR
MATERIAL COAL COAL

DEPTH OF SHAFT 300 M 300 M
PRODUCTION PER HOUR 250 TPH 250 TPH

SHAFT DIA 7.0 M 5.0 M
CAP OF SKIP 7.5 TE

SPEED OF WINDER/HAC 8 M/SEC 3.0 M/SEC
DRIVE POWER 600 KW 320 KW

BELT WIDTH FOR HAC 1000 MM
ESTIMATED CAPITAL COST (CRORE) 50.00 45.00

NOTE:

1 Estimated capital cost & specification for skip winder has been 
obtained from authentic source

2 DSI Snake HAC can achieve around 300 TPH @ 3.0 M/SEC

3
Cost of High Angle Conveyor system is including shaft sinking, shaft 

fittings & man/material rack & pinion type auxiliary cage

4 Estimated annual savings in power cost shall be around 1.5 Cr for 
HAC
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TOTAL DEPTH – 400 M (UPTO BOTTOM SEAM)
LENGTH OF INCLINE IN 1 IN 5 GRADIANT – 2000 M
COST OF INCLINE DRIVAGE @ 2.5 LAKH/M =  2000 X 2.5 = RS 50 CR 
CONVEYOR CAPACITY – 1000 TPH
CONVEYOR COST FOR 2000 M (@2.5 LAKH/M)  = RS 50 CR – CONVEYOR ROUTE SHALL BE JIG JAG WITH 
MULTIPLE TRANSFER POINTS (IN-EFFICIENT)
CONVEYOR DRIVE POWER FOR 1400 MM WIDE, 1000 TPH CAP, 400 M LIFT = 1800 KW
LIFE OF BELT = 8 YEARS (STEEL CHORD)
IN-EFFICIENT VENTILATION & LONGER CONSTRUCTION TIME

ALT I – DOG LEGGED INCLINE (FOR LONG INCLINE)

ALT II – HIGH ANGLE CONVEYOR THROUGH SHAFT
SHAFT DEPTH – 400 M
COST FOR SHAFT SINKING FOR 5.0 M DIA (@ 4.0 LAKH/M) = RS 16 CR
CONVEYOR CAPACITY – 1000 TPH
BELT WIDTH – 2000 MM
HIGH ANGLE CONVEYOR COST = 400 X 12.4 = RS 50 CR
TOTAL DRIVE POWER FOR = 2 x 800 KW 
COST OF RACK & PINION CAGE = 30 LAKH
LIFE OF BELT – 16 YEARS
EFFICIENT VENTILATION & LESS CONSTRUCTION TIME

COMPARISON BETWEEN INCLINE & HAC SYSTEM 

25/08/23 S.K.Bag
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BALASORE CHROMITE MINE 



PRESENTLY DUMPER TRANSPORT FROM PIT BOTTOM

S.K.Bag 106



PROPOSAL FOR DSI HIGH ANGLE CONVEYOR IN OPENCAST PORTION
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THE ORE SEAM IS EXTENDED BELOW THE GROUND 
LEVEL VERTICALLY MORE THAN 800 M. ORE IS 

PRESENTLY EXTRACTED BY OPENCAST UPTO 380 M 
AND THERE AFTER THROUGH VERTICAL SHAFT



VERTICAL HIGH ANGLE CONVEYOR FOR TRANSPORTING ORE BELOW 380 M
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HAC IN SHAFT (DIA 
– 5 M)

HAC IN
OPEN PIT

INTEGRATED HAC SYSTEM FROM UNDEGROUND TO SURFACE – COMPARISON WITH SKIP SYSTEM

ADDITIONAL
DEPTH OF
40/50 M AT PIT
BOTTOM FOR 
SKIP LOADING

ADDITIONAL
HEIGHT OF
40 M AT 
SURFACE

SKIP 
SYSTEM

SHAFT DIA FOR 
SKIP ~ 8.0M

HIGH ANGLE 
CONVEYOR 

(HAC) SYSTEMS.K.Bag 110



S.K.Bag 111



CONCEPT OF TRANSPORTING ORE FROM PIT–
BOOTOM TO SURFACE BY DSI HIGH ANGLE 

CONVEYOR FOR JHAMARKOTRA ROCK PHOSPHATE 
MINE OF RSMML

Presented by Shyamal Kumar Bag
Representative of DSI, USA in India



Jhamarkotra Rock Phosphate Mine - The biggest mines (open cast) of 
Rock phosphate in Asia.

A Phosphate Mine in India owned by RSMML. Rock Phosphate mines at 
Jhamarkotra & Kanpur Group of Mines are complex deposits. Mining 
these rock phosphate deposits is far more difficult than that in most parts 
of the world. Despite the complexities of the deposit, excellent results 
have been achieved by continuous innovations. 

With an annual rock handling of about 20 million tonnes, Jhamarkotra is 
probably the largest open cast mine in India outside the steel and coal 
sectors. On technical fronts the problem of ground water had affected the 
mining operations, until an effective dewatering scheme was evolved and 
implemented. The geometry of the ore body i.e thin and sharply dipping 
had resulted in long and narrow pits with great depth extension 
(Depth/deposit is between 380 and 600 m).

WRITE-UP



PRESENT MINE



PRESENT MINE



DUMPER TRANSPORT IN BENCHES



DUMPER TRANSPORT FROM PIT-BOTTOM



COST BENEFIT ANALYSIS UPTO 400 M DEPTH OF MINE



COST BENEFIT ANALYSIS DONE FOR COAL IN OPENCAST – SHEET 1



COST BENEFIT ANALYSIS DONE FOR COAL IN OPENCAST – SHEET 2



COST BENEFIT ANALYSIS DONE FOR COAL IN OPENCAST – SHEET 3



COST BENEFIT ANALYSIS DONE FOR COAL IN OPENCAST – SHEET 4



HIGH ANGLE CONVEYOR FOR 
TISCO PLANT
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PROPOSAL FOR DSI CONVEYOR TO CARRY SINTERS OVER TROLLEY LOCOMOTIVES 
TO GAIN HEIGHT
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DSI OFFER FOR SILO LOADING REPLACING 
POCKET BELT

FOR BHEL
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DSI 22-119 DWG-MODEL
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DSI HIGH ANGLE CONVEYOR AS 
MOBILE WAGON LOADER
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APPLICATION – III
HIGH ANGLE CONVEYOR FOR 

DOWNHILL TRANSPORT
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LAYOUT OF UPHILL AND DOWNHILL HIGH ANGLE CONVEYOR  ALONG SIDE WALL IN OPENCAST
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DOWNHILL APPLICATION OF HIGH ANGLE CONVEYOR 
- COMPARISON OF ECONOMICS BETWEEN 

CONVENTIONAL CONVEYOR & HIGH ANGLE CONVEYOR 
(CASE STUDY REQUESTED BY SCCL) 
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HIGH ANGLE CONVEYOR FOR SILO 
LOADING IN CHP
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DSI HIGH ANGLE CONVEYOR DIRECTLY LOADING 
INTO SILO

DSI HIGH ANGLE CONVEYOR CAN DIRECTLY DISHARGE COAL, MINERALS, GRAINS 
INTO SILOS. THE SYSTEM SHALL BE MORE ECONOMIC THAN FEEDING BY 

CONVENTIONAL CONVEYOR, SINCE, THIS WILL SAVE LAND,  LONG CONVEYOR 
GANTRY, STRUCTURAL STEEL. CONSTRUCTION TIME SHALL BE CONSIDERABLY 

LESS. LIFE OF DSI HIGH ANGLE CONVEYOR SHALL BE MORE THAN 20 YEARS WITH 
VERY LOW DEPRECIATION, MAINTENANE, OPERATING COST  
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REVISED SILO LOCATION WITH DSI SNAKE

REVISED LOCATION OF RECEIVING 
HOPPER WITH DSI SNAKE 

LAYOUT OF A CHP FOR OPENCAST PROJECT WITH CONVENTIONAL 
CONVEYOR
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REVISED LOCATION OF SILO WITH DSI 
SNAKE

REVISED LOCATION OF RECEIVING 
HOPPER WITH DSI SNAKE 

LAYOUT OF CHP MODIFIED WITH DSI SNAKE HIGH ANGLE CONVEYOR
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DSI SNAKE HIGH ANGLE CONVEYOR

DSI SNAKE HIGH ANGLE CONVEYOR

MODIFIED LAYOUT WITH DSI SNAKE HIGH ANGLE CONVEYOR SYSTEM – SAVINGS IN 
SPACE OF CHP

NOTE:
MODIFIED 
COMPACT  
LAYOUT SHALL BE 
MORE ECONOMIC 
DUE TO REDUCED 
CONVEYOR 
LENGTH & AREA 
OF CHP
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TYPICAL LAYOUT OF SILO LOADING CONVEYOR IN CHP DESIGNED BY CMPDI
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F.L. +56.48 M

CROSS-SECTIONAL ELEVATION OF SILO LOADING CONVEYOR

COMPARISON WITH HIGH ANGLE CONVEYOR

1. PROJECTED LENGTH OF CONVEYOR –
248.74 M (AS PER THE DRG WITH 
CONVENTIONAL CONVEYOR)

2. FOR HIGH ANGLE CONVEYOR THE 
PROJECTED LENGTH @ 60 DEGREE - 33 M

3. SAVINGS IN SPACE – 215 M
4. FOR SILO HEIGHT > 50 M, ESTIMATED 

SAVINGS IN CAPITAL COST FOR HIGH 
ANGLE CONVEYOR SHALL BE MORE 
THAN 30% THAN CONVENTIONAL 
CONVEYOR. (SEE INVESTMENT INDEX)
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S.K.Bag                                                                     
www.skbag.in

REQUIREMENT OF LAND FOR LOADING OF SILO WITH CONVENTIONAL CONVEYOR
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HIGH ANGLE CONVEYOR FEEDING 54 M HIGH SILO @ 2000 TPH (BLACK HILL POWER PLANT, 
GILLETTE, WYOMING, USA



SILO LOADING BY 
SANDWICH BELT
HIGH-ANGLE
CONVEYORS
(Cost and power 
shall be less
with minimum 
Requirement of 
land)



HIGH ANGLE CONVEYOR FEEDING 54 M HIGH SILO @ 2000 TPH (BLACK HILL POWER PLANT, 
GILLETTE, WYOMING, USA
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 Sandwich Conveyor  
for  

Coal Mine, Western USA 
Material - Coal 

- Density - 0.88 t/cu-m (55 PCF) 
- Size - 51 mm (2”) minus 

Conveying Rate - 1949 t/h (2150 STPH) 
Conveying Angle - 57 degrees 
Belt Width - 1829 mm (72”) 
Belt Speed - 3.81 m/s (750 FPM) 
Lift - 54,200 mm (178’) 
Length - 90,800 mm (298’) 
Drives  

- Top Belt - 186 kW (250 HP) 
- Bottom Belt - 298 kW (400 HP) 

THE PARAMETERS OF OF SILO LOADING 
CONVEYOR IS SIMILAR TO DESIGN OF 

CMPDI  



DSI SNAKE HIGH ANGLE CONVEYOR TO LOAD CONCRETE SILO WITH RLS SYSTEM IN CHP

HEIGHT OF SILO IS MORE THAN CMPDI DESIGN
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COMPARISON OF INVESTMENT INDEX FOR DSI 
SNAKE HIGH ANGLE & CONVENTIONAL CONVEYOR
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INVESTMENT INDEX FOR CONVENTIONAL 
CONVEYOR INCREASES EXPONENTIALLY

INVESTMENT INDEX FOR HIGH ANGLE 
CONVEYOR INCREASES LINEARLY
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Conventional 15°slope conveyor proves least costly when elevating to the 
lowest silo of a 17.8 meter height. However, the cost of the conventional 
conveyor system increases exponentially with height. Beyond approximately 33 
meters of lift it becomes the most expensive solution. 

At 76 meters of lift its cost exceeds the sandwich belt solutions by a range of 
60% to 88%. On the other hand, the variation in investment cost for the 
sandwich belt solutions is approximately linear with silo height and quite modest 
with regard to each other. At the highest silo, the vertical sandwich belt system 
has the lowest investment index at 0.51 compared to 0.56 (10% higher) for the 
60° slope and 0.60 (18% higher) for the 45° slope. 

It can be seen that the investments increase linearly with height. The vertical 
sandwich belt conveyors are more economic than conventional conveyor owing 
to the great difference in structural steel requirements. The steel in this case 
includes all truss spans, bents, terminal framing, covers, access walkways and 
stairways, chutes, skirts etc. 
Additional savings in cost shall be associated with the displaced projected area, 
if real estate values are considered.
In case of space restrictions in the plant area, it may not be possible to go for 
conventional conveyor and high angle conveyor shall be the only solution in 
such cases.

COST COMPARISON WITH CONVENTIONAL CONVEYOR
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COMPARISON OF STRUCTURAL STEEL REQUIREMENT BETWEEN DSI 
SNAKE & CONVENTIONAL CONVEYOR 
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COMPARISON OF MOTOR POWER

LESS 
POWER
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LUMP-SIZE VIS-A-VIS WIDTH OF DSI 
SANDWICH CONVEYOR
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HAC LUMP SIZE & WIDTH CHART
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WHAT WILL BE THE MAXIMUM LUMP SIZE FOR HIGH ANGLE CONVEYOR
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WHAT WILL BE THE MAXIMUM LUMP SIZE FOR HIGH ANGLE CONVEYOR
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MINE OPTIMISATION PROGRAM
COST CALCULATIONS AND ECONOMIC COMPARISON 

BETWEEN DUMPER TRANSPORT AND HIGH ANGLE 
CONVEYOR FOR A 10 MTPA PROJECT AND 100 M DEPTH

PROGRAM DEVELOPED BY S.K.BAG
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Calculation program developed by S.K.Bag based on mine optimization program of Krupp 
Foedertechnik, Germany with indigenous cost elements for 100 m depth
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Calculation program developed by S.K.Bag based on mine optimization program of Krupp 
Foedertechnik, Germany with indigenous cost elements – For HAC system
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Calculation program developed by S.K.Bag based on mine optimization program of Krupp 
Foedertechnik, Germany with indigenous cost elements for 100 m depth for HAC system
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Calculation program developed by S.K.Bag based on mine optimization program of Krupp 
Foedertechnik, Germany with indigenous cost elements – For DUMPER system



Calculation program developed by S.K.Bag based on mine optimization program of Krupp 
Foedertechnik, Germany with indigenous cost elements – Table for cash flow for 20 years
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Calculation program developed by S.K.Bag based on mine optimization program of Krupp 
Foedertechnik, Germany with indigenous cost elements – System cost/ton
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Calculation program developed by S.K.Bag based on mine optimization program of Krupp 
Foedertechnik, Germany with indigenous cost elements - Cash flow curves for 3 systems for 100 m 

depth and 10 mtpa production
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Calculation program developed by S.K.Bag based on mine optimization program of Krupp 
Foedertechnik, Germany with indigenous cost elements – Comparison of three systems for 10 mtpa

capacity and 100m, 150m, 200m, 300m and 400m depth showing EMI and yearly gain
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The Ministry of Coal has set a target to generate 1.0 billion tonnes (BT) in FY25 from current 
annual coal production of around 710 MT. A key objective of the nation is the development of rapid, 
affordable, and environmentally responsible coal transportation. In order to eliminate road 
transportation of coal in mines, the Ministry of Coal has taken action to improve the mechanised 
coal transportation and loading systems under the “First Mile Connectivity” programs. 

Issue is whether dumper transport shall continue within pit to cope with target production of 1.0 BT. 
Production shall have to be increased mostly from potential operating mines and deeper horizons. 
Owning and operating cost for dumper system shall be very high. Present global warming is a 
challenge for the whole World. 

Which coal transportation system in opencast mine shall be more productive, rapid, economic and 
environmentally responsible? Dumper, In-pit Conveyor (IPC) or High Angle Conveying system (an 
advanced in-pit conveying system with steep angle and through side-wall of mine). Obviously DSI 
high angle conveyor system shall be the most economic system (calculation presented). 
Dumper transport shall contribute to global warming, whereas DSI high angle conveyor transport 
shall be the green transport technology in the mine. 

CMPDI in their case study for application of steep angled conveyor in deep opencast coal mine has 
shown savings in cost of production by Rs 78/ per ton (for 15 million ton per annum annual savings 
shall be Rs 117.00 crores) and additional capital expenditure by about Rs 25.00 crores for reducing 
60 ton dumpers by 87 nos.  

High Angle Conveyor can be easily dovetailed in operating mine, while continuing with dumper 
transport. 168

THE ISSUE
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1. High Angle Conveyor can be laid in a suitable bench along the sidewall, where 
dumpers shall unload onto the tail end of the high angle conveyor through 
shiftable modular unloading arrangement, while continuing existing dumper 
transport to operate through the haul road. There will be no issue of its route 
interference with haul road. System may be similar to Kotre Basantpur, Gare 
Palma II, Siarmal opencast projects. 

2. There will be no chance of failure of high angle conveyor due to snapping of 
belt, since, high angle conveyor is a booster conveyor with 40% less tension 
than conventional conveyor and there will be two belts running together 
instead of one in conventional conveyor system. 

3. There will be no necessity to widen the haul road unlike for installing separate 
in-pit conveyor in case of IPCC.

4. No chance of accident from dumper. 
5. There will be only one take out conveyor unlike nos. of in-pit conveyors with 

IPCC in the mine. 
6. Length of high angle conveyor shall be much shorter (near to mine depth)  

whereas, length in-pit conveyors in IPCC shall be equal to dumper route.
7. No alignment and levelling problem.
8. High Angle Conveyor allows 120 m un-supported length and shall need 

support beyond this length. Very less support and civil work shall be required.
9. Much easier to install and operate.
10.Requires much less spares and less manpower than in-pit conveyor.. 
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11. Life of High Angle Conveyor shall be around 20 years.
12. Coal shall be transported from pit bottom concealed between two belts and as 
such transport of coal shall be green transport system.
13. Cost shall increase marginally with increase of depth and whereas cost shall 
increase exponentially for dumper and in-pit conveyor system with increase of 
depth (see the calculation).
14. Separate provision of  drainage shall not be required.
15. More space shall be available for internal dump.
16. System availability shall be higher than in-pit conveyor system due to only one 
high angle conveyor system.
18. Much less lighting cost than in-pit conveyors along the conveyor route.
19. Less cost for fire protection.
20. Shall be almost pollution free out of dust and exhaust fumes and sound from 
dumpers.
21. Coal shall reach surface much quicker than dumper and in-pit conveyor. 
21.The system shall be very safe & free from operational hazards of dumpers in 
the mine. (see the video in next slide)
22. Dos Santos International, USA shall be committed to give all the supports and 
training and also do erection and commissioning of the system.
23. Dos Santos International, USA shall be committed to manufacture the high 
angle conveyor in India with indigenous parts and accessories. This shall reduce 
cost of DSI system by around 40%, on a/c of shipment, CFI and customs duty. 
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https://youtu.be/zkFAFZGmVkM

Learning from investigations: Maules Creek Mine truck collision. On 21 
April 2018, a worker suffered serious injuries when the 100 tonne service 
truck he was driving collided with a 500-tonne haul truck at the mine. The 
worker in the service truck suffered back, shoulder and wrist injuries.  
The service truck suffered substantial damage. The operator, a labour-
hire worker, aged 43, received serious injuries in the collision. The 
injured worker was transported by helicopter to hospital where he 
underwent medical treatment. The Hitachi haul truck is one of the largest 
rigid-frame trucks used in NSW mines with a payload of 296 tonnes and 
gross vehicle weight of 500 tonnes. 

A worker suffered serious injuries when the service truck he was driving 
and a large haul truck collided. The injured worker was transported to 
hospital for treatment. The NSW Resources Regulator has commenced 
an investigation into the incident.

MAULES CREEK MINE TRUCK COLLISION

https://youtu.be/zkFAFZGmVkM
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1 

Investigation 
Information release 

NSW Resources Regulator 

Serious injury 
Incident date: 21 April 2018 
Event: Serious injury at open cut coal mine 
Location: Maules Creek Mine, Maules Creek NSW 

Overview 
A worker suffered serious injuries when the service truck he was driving and a large haul truck 
collided. The injured worker was transported to hospital for treatment. The NSW Resources 
Regulator has commenced an investigation into the incident. 

Photograph 1: Damaged front end of service truck. 

 
 

The incident
At about 7.58 am on 21 April 2018, a Caterpillar 773 service truck 
and a fully-laden Hitachi EH5000 haul truck collided at a major four-
way intersection on the mine haul road.
The service truck suffered substantial damage. The operator, a 
labour-hire worker, aged 43, received serious injuries in the collision. 
The injured worker was transported by helicopter to hospital where 
he underwent medical treatment.
The Hitachi haul truck is one of the largest rigid-frame trucks used in 
NSW mines with a payload of 296 tonnes and gross vehicle weight 
of 500 tonnes.
The Caterpillar service truck is used to transport diesel and refuel 
mobile and fixed plant in-pit. The service truck has a gross vehicle 
weight of 103 tonnes.



GLOBAL REFERENCE PROJECTS
OF

DSI HIGH ANGLE CONVEYOR
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THE FUTURE LIES AHEAD
pnevels@dossantosintl.com

www.DosSantosIntl.com

mailto:marc@dossantosintl.com

